The present study aimed to: (i) identify helminth eggs and protozoan cysts in wastewater samples to which both human and animals could be exposed when they are reused in agriculture; and (ii) 
INTRODUCTION
In Tunisia, and among other arid and semi-arid countries, the growing and accelerated urbanization and industrialization, and the rise in living standards, are resulting in a significant increase of urban wastewater production. To address this problem, the government is encouraging the 
).
Parasite quantification in the wastewater (raw and treated) is necessary to further evaluate the impact of the wastewater treatment processes on the prevalence of helminth eggs and protozoan cysts.
So, the main objective of this study was to evaluate the parasitic contamination of wastewater samples collected during 2012 from 20 wastewater treatment plants (WWTPs) all over Tunisia to assess the prevalence of parasites in wastewater samples. Specifically, we aimed to evaluate, through microscopic observation, which parasite is the most predominant and to compare wastewater treatment process performances in removal of helminth eggs and protozoan cysts.
METHODS

Wastewater sampling
This study was performed from January to December 2012.
During the study year, a total of 117 samples of raw waste- Table 1 .
Analysis technique
Samples were taken every week at both the inlet (i.e. 5
litres of representative grab sample) and the outlet (i.e.
10 litres, after secondary biological treatment) of the WWTPs for the 12-month study. The determination of samples volume was conducted in compliance with analysis of wastewater for use in agriculture (WHO ). Table 2 gives an overview of the sampling dates and numbers. Parasitic analysis was carried out based on the modified Bailenger method (WHO ). The factors which determine whether or not the concentration of particular species of parasite is successful are thought to be mainly the hydrophilic-lipophilic balance of the organism itself and its relative density in relation to that of the separating reagent (Bailenger ; WHO ). Briefly, all samples were kept refrigerated until analysis and were left for more than 18 hours to allow components to sediment in the laboratory temperature. The supernatant liquid was discarded using a water pump. The remaining sediment was centrifuged at 1,000 g for 15 min. After that, the pellet was suspended in an equal volume of acetoacetic buffer, pH 4.5. This pH was found to be the most suitable for the concentration of a wide range of helminth eggs (Bailenger ). Then, ethyl acetate (twice the volume of sediments) was added and the sample was mixed for 10 min. The sample was then centrifuged at 1,000 g for 15 min. Three layers were formed in the centrifuge tube: black layer at the top, turbid layer in the middle and sediments at the bottom. It was resuspended in five volumes of zinc sulfate solution with a gravity of 1.18 (density 33%) and mixed thoroughly. This density was considered as adequate, leading to a good purification of parasites (Gati ) . Quickly, 50 μL were transferred to a slide for microscopic identification and counting (×100 and ×400). The number of parasite eggs and protozoan cysts per litre were obtained using the follow- 
Statistics
The data of eggs and cysts quantification were analyzed with
Microsoft Excel (Version 2007).
A logarithmic transformation (log10) was used because the data were not normally distributed. Normality of data was verified by the Shapiro-Wilk test and The R statistical software environment for data analysis and graphics version 3.3.0 (2016) was used to carry out the box descriptive plots. The box plot is a standardized way of displaying the distribution of data and it shows minimum, first quartile, median, third quartile and maximum value.
The R software is also used to evaluate the biological wastewater treatment systems efficiency for overall mean removal of intestinal parasites using Multiple Correspondence Analysis (MCA).
RESULTS
Qualitative and quantitative characterization in raw and
TWW samples
Parasitological characterization of raw and TWW in the 20 treatment plants prospected during this study allowed the identification of a set of helminth eggs and protozoan cysts which are potentially pathogenic for humans and/or animals leading to helminthiasis and protozoosis. Their distribution and their diversity in sewage samples from Tunisian regions are summarized in Table 3 . No.
All raw and TWW samples analyzed for all parasites (helminth eggs and protozoan cysts); No.: Number; WWTPs: wastewater treatment plants; K. El Andalous: Kaalât El Andalous; H. SE1: Hammamet SE 1 ; Sousse N.: Sousse Nord; Sousse S.: Sousse Sud; J-D: from January to December (12 months).
All the raw sewage samples were found to contain Nematodes, Cestodes and Strongyles eggs of only animal origin. Ascaris eggs (relative frequency 95%) were predominant, followed by the hookworm species (Ancylostoma duodenale and Necator americanus) (50%); and Enterobius vermicularis (45%). Trichuris trichiura and Toxocara sp.
(10%) were scarce and occasionally found. The Cestodes species identified were Taeniid eggs (85%), Hymenolepis nana (70%) and Hymenolepis diminuta (55%).
For protozoan cysts, Giardia sp., Entamoeba histolytica/dispar/moshkovskii and Entamoeba coli were detected and isolated in 100% of the raw wastewater samples analyzed (Table 3) . Endolimax nana cysts were only detected in influents of two plants located in the coastal area: Hammamet SE 1 and Sousse Sud (with an equal occurrence of 1.7%). Entamoeba species (E. histolytica/dispar/moshkovskii and E. coli) and Giardia sp. were present respectively in 80 and 85% of effluents (Figure 1 ). The findings of the analyses revealed a relatively high level of protozoan cyst presence in WWTP effluents.
Efficiency of the two biological wastewater treatment systems for removal of parasites
The overall mean removal efficiency of helminth eggs and protozoan cysts in the 20 WWTPs investigated throughout the whole study year was evaluated ( Indeed, for WWTP 1, with 4 retention time ponds of 10 days, the removal efficiency of parasites ranged between 80.6 and 100% for helminths and 60.7 and 65.2% for protozoa cysts (Table 4 ).
The rate of the overall removal obtained by oxidation ditches followed by a maturation pond as well as extended aeration and maturation pond for all helminth eggs (Nematodes and Cestodes) was 100%, while for Giardia and Entamoeba histolytica/dispar/moshkovskii, it was from 37.2 to 91.1% and from 51.1 to 75.4%, respectively.
However, the conventional activated sludge system and oxidation ditches were efficient in the removal of Hookworms (Ancylostoma duodenale and Necator amercicanus) and Hymenolepis diminuta (removal efficiency of 100%), but still do not ensure intestinal-parasites-free effluent.
According to Table 4 
CONCLUSIONS
This study has shown that a wide variety of intestinal parasites contaminate wastewater. According to the results obtained, the use of conventional wastewater treatment systems removed significant amounts of pathogenic parasites.
However, these reductions were not sufficient for safe reuse of the final effluent for four of the WWTPs monitored during this study. Results reported more variable protozoa cysts removal for different wastewater treatment systems but no significant difference in the efficacy of their removal was found between different processes. This emphasizes the importance of regular monitoring that must take place by the ministries involved. In addition, a microbial source tracking method has to be used to identify sources. By identifying parasitological pollution sources, animal and human health risks can be more accurately assessed and remediation strategies can be effectively implemented.
